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Abstract
High volumes of excavated material being landfilled conflicts with the waste policy ideaadopted by Finland to prioritize generation reduction, reuse and recover over landfilling.The objective of this study is to investigate the best choice of excavated soil managementtaking into consideration Espoo City’s commitment to sustainable development while usingMulti-criteria Decision Analysis and participatory decision. The study will compare thesituation in Espoo in 2017 with two other scenarios simulating different stages of a transitionfrom linear economy to circular economy.
The multicriteria decision analysis (MCDA) provides a parameter analysis to evaluate andclearly compare the presented alternatives. Soil is a key resource, but it is not yet speciallyhighlighted in urban plans. The three alternative studied were: scenario S0, the currentsituation at the time of the study; scenario S1, to invest on the establishment of twotemporary deposits enabling improving the reuse of gravel and high bearing capacity soil;scenario S2, seek to recycle 75% of all the excavated soil, with the implementation of moretemporary deposits and/or new technologies to enable the reuse of all types of the excavatedmaterial.
The comparison of scenario results led to a recommendation that the city of Espoo shouldtry to implement scenario S2. Scenarios S0 and S1 obtained similar score, but scenario S1has the advantage of possibly functioning as a more realistic intermediate step to achievingthe conditions in scenario S2 in the future. MCDA can be used as alternative way to improvethe participation of city committees and help the participants to understand different pointsof view.
In the sensitivity analysis, the marginal utility contribution for every criterion was replacedby the extreme values 0 and 1 for all the scenarios consecutively. The biggest impactresulted of the criterion “Virgin Raw Material Demand” receiving the value 0 in scenarioS2. In this case, scenarios S1 and S2 received quite similar scores and scenario S0 had a bitlower score.The comparison of the criterion values used in this study and obtained fromliterature indicate that it is unlikely that this criterion would behave like in the sensitivityanalysis and changes in the inputs would most likely not have a big impact on the final resultproportions.
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1 Introduction
The current high volumes of excavated material going to final deposit conflicts with thewaste policy idea of Finland to only resort to landfilling after trying to avoid generation andto reuse or to recover it as material or energy. (YM, n.d.)
The study will compare the situation of excavated soil management in Espoo in 2017 withtwo other scenarios simulating different stages of a transition from linear economy to closerto circular economy as exhibited in Figure 1. This transition seeks to maximize the reuse ofthe resources and reduce their depreciation, and it involves creating the necessaryinfrastructure for that to become possible.
Figure 1. Transition from linear to circular economy.
Soil management incorporates diverse fields and divergent stakeholders, thereforemulticriteria decision analysis is a good tool to help specially on the planning phases. Itprovides computational analysis to assess and systematically compare possible alternatives.For the analysis, the criteria were defined according to the most mentioned impact duringpreparation period. Unfortunately, some criteria could not be directly estimated, instead theirvariation was assessed using the proportional changes.
Soil is a key resource, but it is not yet specifically highlighted in urban plans. Moreover,when mentioned in the plans, they usually lack awareness of the flows, quantities andmonitoring methods involved. It is important to create policies and prepare infrastructure tooptimize the excavated material management, improve soil and rock reuse, hence reduceboth cost and climate impact.






scenario is estimated to be the result of investments to reach a situation closer to the ideas ofcircular economy, with 75% of all excavated material being reused. (Espoo, 2021b)
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2 Literature Review
This section pursues to provide a theoretical background for this study. It is divided in threeparts, with the first two presenting the concepts of “Circular Economy” and “Multi-criteriaDecision Analysis” and the final section focus on “Environmental Management” and how itcan benefit from the two initially presented concepts.
2.1 Circular Economy
The European Union (EU) action plan for Circular Economy, published by the EuropeanCommission (2015), defines Circular Economy according to its goal to maintain for as longas possible the value of products, materials, and resources. Consequently, minimizing thegeneration of waste and supporting EU’s aspiration to achieve sustainable, low carbon,resource efficient and competitive economy.
As described by Breure et al. (2018), circular economy aims to maximize the reuse ofresources and reduce their depreciation. This is not necessarily achieved within the lifespanof one product cycle. Breure et al. (2018) highlight that to get closer to the ideal circulareconomy, where no fresh resources are consumed nor waste is produced, a networkorganizational form combining different processes would be the best choice.
Circular economy is an important tool to achieve sustainable development. This goal,according to the United Nations (UN), can only be achieved if the actions taken to fulfil theneeds of the present do not compromise the ability of future generations to meet their ownneeds. (World Commission on Environment and Development, 1987)
UN (2015) reinforced in the 2030 Agenda for Sustainable Development the idea thatdeveloped countries should take the lead on the development of scientific, technological, andinnovative capacities. The 2030 Agenda also asserted that social and economic developmentare directly linked to the sustainable management of the natural resources within the planet.Therefore, it is essential to reduce waste generation and avoid the depletion of naturalresources such as water and land.
The linear economy, where most natural resources follow a cradle-to-grave flow, reflectsdecades of easily available resources. The reality nowadays is different, and Lacy andRutqvist (2015) listed some important changing moments that instigated the need for achange. The first was when the finite nature and increasing scarcity of non-renewableresources became evident, driven by a 50 percent growth in the demand for non-renewableresource in the period between 1980 and 2000, followed by an even higher growth of 80percent in the following 14 years. The second was the acknowledgement of the rapid growthof already present stress on renewable resources. For example, the rate of groundwaterdepletion in the year 2000 was two times the rate in the year 1960 and by 2050, 4 billionpeople are expected to live in areas under severe water stress.
In circular economy, renewable material use is designed for reuse and ultimate return to thebiosphere and non-renewable material use is designed to move back and forth betweenproduction and consumption with minimal loss in quality or value. The formation of topsoil,as well as its quality recovery are exceptionally slow processes and for that reason, Breure
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et al. (2018) stated that it can be considered a non-renewable resource. (Lacy and Rutqvist,2015)
Resource scarcity is propelled by the current population growth, expansion of the middleclass, and urbanization in combination with the fact that the potential to produce andconsume new resources cannot grow endlessly. In this context, avoiding resource scarcity isan important ground to apply circular economy concepts in soil management. (Breure et al.,2018)
Another important issue that can be alleviated by adopting circular economy concepts is thedisposal of resource residue in soil, water, and air. It is also valid to mention that an efficientuse of resources in Europe can also be considered of political importance for improving thesecurity of resource supply. (Breure et al., 2018)
Another direct consequence of the traditional linear model is the massive volume of wastegenerated. It is not only an environmental problem, but it also has social as well as economicimpacts. Lacy and Rutqvist (2015) stated that waste translate into up to $1 trillion in annuallost value. To achieve sustainable development in a balanced and integrated manner,economic, social, and environmental dimensions should be taken into consideration. (UN,2015)
To bring circular economy to reality it is necessary a long-term involvement in differentlevels. On the EU context, actions are needed from member states, regions and cities,businesses, and citizens. The idea is to create a framework for the management of naturalcapital as an asset. For example, one possibility is to create incentives for efficient use andmanagement of land and soil, mineral resources, fossil fuels, water, and biodiversity. It isimportant to emphasize that waste management plays central role in circular economy andit should consider all waste. In terms of waste volume, one of the most significant sourcesof waste in the EU is the construction and demolition industry. (Breure et al., 2018; EC,2015)
The EU action plan for the circular economy reinforces the concept of waste hierarchy,which outlines that the best option is to prevent the waste generation, followed bypreparation for reuse, recycling and energy recovery. Disposal, such as landfilling, shouldbe the last option, when any of the prior alternatives listed were not possible. (EC, 2015)
Soil and land play an important role in the efficient use of natural resources. They provide,for example, space for societal activities, store stocks of mineral resources, support thepossibility of producing biobased resource to substitute the use of mineral resources, and arean important part of water and nutrients cycles. (Breure et al., 2018)
Transition to circular economy demands a systemic change, which includes targeted actionsfor each phase of the value chain and key sectors. Therefore, it is necessary to provideinfrastructure and resources to create favorable conditions. Innovation is a vital part of thenecessary changes, providing new technologies, processes, services, and business models tohelp rethinking ways of producing and consuming, to transform waste into value-addedproducts. (EC, 2015)
The use of secondary raw material, which can be recycled and injected back into economyas raw material, needs to be fostered. A dynamic market for secondary raw material needs
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sufficient demand, incentives for the use of recycled materials, and optimal/multifunctionaluse of space (including temporary use of public space). (Breure et al., 2018; EC, 2015)
2.2 Multi-criteria Decision Analysis
Multiple criteria decision analysis (MCDA) is a type of Decision Aiding (DA) constitutedof the following three basic elements: 1) a finite or infinite set of actions, 2) two or morecriteria, and 3) at least one decision-maker (DM). It is a process to assist the acquisition ofelements of response to questions made by a stakeholder in a decision process, making useof explicit but not necessarily completely formalized models. (Figueira et al., 2005)
The conference on “Multiple Criteria Decision Making” in 1972 marks the popularizationof the concepts under the current name. But some of the ideas can be recognized muchearlier. As reminded by Figueira et al. (2005), the link between decision making and thecomparison of different points of view, in favor or against the action, were already presentin texts from Ignatius of Loyola (1491-1556) and Benjamin Franklin (1706-1790).
Grounded on the three elements mentioned earlier, MCDA helps making decision bychoosing, ranking, or sorting actions. Nonetheless, it is essential to be clear to everybodyinvolved that the decision maker can behave on its own preferred way after therecommendation is made. (Figueira et al., 2005)
It is already uncommon to have one single clear criterion in decisions made by one singledecision maker. In the case of multi-actor decision making process, it is extremely difficultto agree to one well-defined criterion acceptable by all. Different actors usually representroles that reflect their own objectives and value system. When choosing multicriteria overmono criterion approach to decision making, it is less likely to neglect certain aspects ofrealism and to be limited to one particular value system as objective. Besides, consideringmore criteria enables a broad spectrum of points of view related to the actors involved andprovides the discussion on the role each criterion should take on in the decision aidingprocess. (Figueira et al., 2005)
The decision aiding objective is to formulate propositions based on recognized scientificbases and with reference to working hypothesis. The final recommendations can be used toseveral purposes like: to analyze decision making context through the identification ofactors, possibilities of action, their consequences, etc.; to increase coherence between thevalues underlying the objectives and the final decision; to help actors to cooperate bysupporting better mutual comprehension and a framework favorable to debate; to elaboraterecommendations using models and computational procedures prepared within the structureof a working hypothesis and; to participate in the legitimization of the final decision.(Figueira et al., 2005)
Potential action, Criterion/Family of criteria, and Problematic are the three concepts thatnormally guide the processes of structuring and analyzing of MCDA. Potential action is thetarget of the decision aiding, in other words, the object of the decision. Potential actions arenot necessarily mutually exclusive and, in reality, there are several contexts that is preferableto select a kind of modelling that allow several potential actions to be implementedconjointly. On the other hand, many authors defend that potential actions should be mutuallyexclusive. In this case, when two different potential actions cannot be simultaneously put inoperation, they can also be called alternatives. (Figueira et al., 2005)
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An illustrative example given by Ishizaka and Nemery (2013) described the process beingapplied to the purchase of a new smartphone. The potential actions were 5 fictious products(SP1, …, SP5) and they were all evaluated according to the following criteria: price,customer reviews, screen size and storage size. The price criteria should be minimized andall the other maximized. Table 1 compiles the values defined to each potential action,according to every criterion after initial evaluation, final scores, and ranking. In this case theproduct SP3 had the highest score in the final process and was considered the best choiceamong the potential actions.
Table 1. MCDA applied to smartphone choice using price (P), customer review (CR), screensize (Sc.S) and storage size (St.S) as criteria. (modified from Ishizaka and Nemery 2013)P(€) CR Sc.S(in) St.S(Gb) Final Scores RankingSP1 429 4 4.65 32 0.503 2SP2 649 4 3.5 64 0.174 5SP3 459 5 4.3 32 0.654 1SP4 419 3.5 4.3 16 0.450 3SP5 519 4.8 4.7 16 0.421 4
The set of potential actions is not necessarily fixed, it can be altered during the decisionaiding process. The tool used to evaluate and enable comparison between potential actionsfrom a well-defined point of view is called criterion. All potential actions must be comparedregarding all criteria in a comprehensive way. The possible evaluations to which a criterioncan lead are called degrees or scores of the scale. (Figueira et al., 2005)
Numbers, verbal statements, or pictograms can be used to represent the degrees of the scaleof one criterion. The degrees used to depict the performance of the actions are used tocompare them to each other. The scale of a criterion is a set that includes all the degrees, orscores mentioned earlier. The scale is called purely ordinal when the gap between twoconsecutive degrees does not have a real meaning on the preference choices. On the otherhand, a quantitative scale is a numerical scale with degrees defined by a clear concretequantity. In this case there is the absence of quantity (degree 0) and the presence of one unit,whose addition can be used to represent the difference between any two degrees of the scale.Therefore, the ratio between two degrees can have a meaning which is not exclusive of thetwo particular degrees. Some studies also use scales that cannot be considered any of the twomentioned types, for example interval scales that do not have a degree 0. (Figueira et al.,2005)
All criteria used should be understandable for each stakeholder and be considered a relevantway to compare potential actions without prejudging their relative importance. In addition,the set of all criteria together should satisfy some logical requirements, such asexhaustiveness, cohesiveness and, non-redundancy, to guarantee its coherence. It isimportant to remark that the mentioned requirements do not demand the criteria to beindependent. Also, when two degrees are substantially close, they may not be enough tojustify a preference between two actions. (Figueira et al., 2005)
The third concept, referred here as problematic, indicates the manner the decision aiding isconceived, i.e., what the decision aiding is trying to achieve. For example, the descriptionproblematic seeks to develop an appropriate set of potential actions, a proper family ofcriteria and use that to obtain performance values for the different actions according to thelisted criteria in a merely informative way. (Figueira et al., 2005)
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The other three types of problematics analyze or combine the different performances toobtain something. In the choice problematic, the goal is to select one single action, or a smallgroup of choices. This can be done by choosing the most optimum action or simplyeliminating as many choices as possible. The sorting problematic seeks to categorize thedifferent actions in groups according to their performance in the used criteria. The objectiveof the ranking problematic is to classify and establish an order of preference between thepotential actions. Three out of the four types of problematics listed above involvecomparison between potential actions. Frequently, when comparing two or more potentialactions, different actions have better performances in some of the criteria, and other actionsin other criteria. To obtain a comprehensive judgement it is essential to aggregate theperformance values in a clear objective way. (Figueira et al., 2005)
Multicriteria aggregation procedures are usually used to enable comparison between thedifferent actions. It engages various inter-criteria parameters, like weights, scaling constants,aspiration, or rejection levels. They are used to define the role of each criterion in comparisonto the others. It is essential to develop a logic of aggregation that takes into consideration thepossible types of dependence that might be interesting to be used regarding the criteria andthe circumstances that the difference between two performances is considered relevant, ornot, when compared to the total possible range of performance. (Figueira et al., 2005)
The performance of a potential action according to one criterion is a real number.Consequently, the result of the aggregation procedure called global performance is also areal number. Depending on the problematic the potential actions can be compared using theperformance of the different criteria or using the global performance. (Figueira et al., 2005)
Multi-attribute utility theory (MAUT) method is used in MCDA and it leans on the idea thatdecision makers seek to optimize a function to aggregate all the corresponding points of viewrelated to the studied problem. The utility function is used to measure the desirability of thedifferent alternatives. The different alternatives will receive a score for each criterion, calledmarginal utility contribution. These scores can be combined in different ways (for examplewith the use of weights) to compose the utility function. The values defined in the initialevaluation (like price in the example given previously in this section) are processed to obtainthe marginal utility contributions in a way that the utility function will reflect the preferencesof the decision maker. Figure 2 pictures how MAUT is used to rank different alternatives.(Ishizaka and Nemery 2013)
15
Figure 2. Representation of the ranking of the set A using the MAUT model, marginal utilitycontribution function f and utility score function U. (source: Ishizaka and Nemery 2013)
Multicriteria decision aiding is a good tool in the pursue for an efficient waste management.It might be used to rank different alternatives or help finding the optimal solution amongdifferent potential actions, taking into consideration different criteria and the complexity ofthe waste streams. (Achillas et al., 2013)
In the environmental field, decision making usually involves several stakeholders andconflicting views. It is a continuous and iterative process seeking to achieve acceptablecompromises. Multicriteria decision analysis might, therefore, be applied to providetransparency and assist on the communication of individual preferences. A consensus isusually easier to be achieve when stakeholders clearly understand each other’s views.(Marttunen, 2011; Mustajoki et al., 2004)
Construction industries have significant economic, technological and environmental impactson a global scale. The increase of the produced construction and demolition waste, causedby rapid growth of this industry, in addition to higher social environmental consciousness,have evolved to an issue with inherent multiple factors and influences. These might bemutually conflicting, impeding the adoption of one single criteria for decision making.(Achillas et al., 2013; Banias et al., 2010)
2.3 Soil Management
In contradiction to the fact that several urban plans recognize the importance of soil as a keyresource, there is little knowledge about soil material quantities and seldomly the plansincorporate indicators to enable measurement and monitoring of soil-related functions.(Magnusson et al., 2015; Teixeira da Silva et al., 2018)
The information on the fate and overall management practices of excavated soil and rock inurban areas is scarce. Currently the recycling rate of soil and rock materials is low and mostof the material is directed to landfills. Therefore, there is a demand to assess the potential forincreasing high value reuse, such as the use as construction material replacing naturalaggregates. (Magnusson et al., 2015; Teixeira da Silva et al., 2018)
Urban areas are the source of around 80% of global CO2 emissions. In rapidly growing citiesa significant part of the urban areas has their main source of CO2 emissions in the
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construction sector. This sector responds to 30% of total waste generation in the EuropeanUnion. In addition, human population growth leads to an increase in the natural resourcesdemand. Recycling of construction and demolition waste reduces landfilling and preservesnatural aggregate resources, and thus recycling is mentioned in several environmentalpolicies. Optimizing soil management will improve soil and rock reuse and consequentlyreduce both costs and climate impacts (Breure et al., 2018; Hiete et al., 2011; Magnusson etal., 2015)
The possible destinations of excavated soil and rock materials are the following: use on-site,use in other projects, use in other projects after pre-treatment, storage for later use, and useas landfill cover or dispose at landfill. The selected use depends mainly on how the systemis prepared for and stimulates the reuse and the material physical properties. (Hiete et al.,2011; Magnusson et al., 2015)
Planning at an early phase is needed to achieve urban plans with better soil and rockmanagement, for instance assessing demand and availability of excavated material. Changesare needed at all the decision levels from the construction project level (e.g. reuse on site) toregional authorities (e.g. establishment of policies and creation of infrastructure to bepossible to store, sort, and process the material for later use). (Magnusson et al., 2015;Teixeira da Silva et al., 2018)
For the necessary changes to be achieved, it is imperative to spread the importance and thetechniques of soil management to accomplish urban sustainable development. Circulareconomy is a good tool for that, once it aims at maximizing the reuse of resources andproducts and minimizing depreciation. Because most of the changes involve impacts onseveral fields and different stakeholders, multicriteria decision analysis is an attractivechoice to assist especially on the planning phases. (Achillas et al., 2013; Breure et al., 2018;Magnusson et al., 2015; Teixeira da Silva et al., 2018)
Magnusson et al. (2015) noted that the information on available material geotechnical andgeo-environmental properties, as well as the availabilities of recycling facilities, landfillsand quarry materials are important parameters to management planning. The informationshould be used to analyze excavated soil and rock on a resource perspective, aiming atassessing the material recycling potential and its environmental benefits. In general, soil isnot yet extensively contemplated in urban plans, not even in global leading cities. Teixeirada Silva et al. (2018) argued that this might change soon, once scientists have been puttingeffort to disseminate information and tools to enable the exchange of knowledge about thefunctions that soils provide to the several stakeholders.
Circular economy presents a framework to sustain efficient use and management of naturalcapital to secure its future provision. One of the challenges is the demand and supply relation,which is seldomly discussed in literature likely due to a fact that the supply is rather smallwhen compared to the demand. This might change in the near future because of thedevelopment of new ideas and technologies propelling higher efficiency and capacity ofmaterial recycling. This trend might be especially strong in areas with expected populationdecline, where the demolition rates might overcome the quota of new projects. And it willbring even more controversy to a field that already involves several impacts andstakeholders. The multicriteria decision analysis approach supports a prosperous parameteranalysis to evaluate and clearly compare the available alternatives. (Banias et al., 2010;Breure et al., 2018; Hiete et al., 2011)
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Soil management importance is growing, and it has been researched in different ways in thepast decade. For example, Banias et al. (2010) proposed a methodological framework usingmulticriteria analysis to find the optimal location for units of alternative construction anddemolition waste management. Hiete et al. (2011) created an optimization model tounderstand the dynamics and planning of a construction and demolition waste recyclingnetwork as an integrated set of supply-and-demand chains at the regional level. Teixeira daSilva et al. (2018) addressed the importance of soil knowledge in urban planning byanalyzing the role that soil related concepts had in urban plans and reports of world citiesthat included sustainability goals. In Finland, one example of integrating soil managementto urban planning is the Absoils project, that demonstrated the use of abandoned and low-quality soils, such as clay and mud, in construction (Ollila et al., n.d.).
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3 Site and Data Description
Espoo became officially a city in 1972. The city is located in the south of Finland and issurrounded by the Gulf of Finland and the cities of Helsinki, Vantaa, Nurmijärvi, Vihti andKirkkonummi. As can be seen in Figure 3, the district of Kauniainen is located in the centerof Espoo but it is an independent administration, and it is not part of the city of Espoo.(Espoo, 2021a)
The whole area of the city is 528 km2, with 216 km2 covered by water and the 312 km2 beingland area. In the end of 2019 Espoo had 289 731 inhabitants, 2.2% more than in the previousyear. Considering only the land area, Espoo has approximately 930 inhabitants per km2.Following the populational growth, 4297 new apartments were built in Espoo in 2019.(Espoo, 2021a)
Figure 3. Map of Espoo City. (Source: Espoo, 2021c)
Administration in the Espoo City is divided into four sectors: The Mayor's Office, Educationand Cultural Services, Social and Health Services, and Environment and Technical Services.They are advised and supervised by the city council, city board, committees, and boards.(Espoo, 2021a)
The City Council is formed by 75 members, chosen by election, and it holds the highestdecision-making authority. There are 12 committees in Espoo, whose purpose is to organizeand develop services in a resident- and customer-oriented way. They do the development byproposing definitions of policy concerning their own domain to the City board, whichsometimes includes the decisions about surrounding infrastructure and soil management.They also manage the planning, the development and monitoring of operations, theeconomy, and the organization within the city. (Espoo, 2021a)
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The Environmental and Technical Services department manages the landfilling of surplusmasses of the city of Espoo. The main purpose is to guarantee operation condition for theconstruction industry by providing a destination for clean soil and rock masses that cannotbe used elsewhere. Kulmakorpi deposit receives construction production materials from bothprivate and the municipal sites in Espoo, Kauniainen and Kirkkonummi.
In 2017, 87% of the material was registered under private customers and 13% was from thecases where the customer was the city. The mentioned private majority also included cityprojects developed by private contractors once the material delivered might be registered,for example, under the transportation company, the general contractor, or the maincontractor. The total amounts for the years 2015, 2016 and 2017 can be seen in Table 2 andthe average distribution for this period is shown in Figure 4.
Table 2. Amount and distribution of material being delivered to Kulmakorpi between 2015and 2017. (HBCS- high bearing capacity soil)
Total Gravel HBCS Clay Mud
Year m3 % % % %
2015 724 910 17 27 47 9
2016 920 160 19 31 43 7
2017 1 102 450 18 21 52 9
Average 915 840 18 26 47 8
Figure 4. Average distribution of material being delivered to Kulmakorpi between 2015 and2017.
The city of Espoo provided the majority of the data used for developing the differentscenarios used in this study. The soil deposits operation was projected using managementreports from Kulmakorpi and the study ordered by the city from Mapple Analytics Oy toestimate the impact of establishing two temporary soil deposit sites in Espoo (Mapple 2019).










travel time, CO2 emission, and transportation cost. In a second phase, Kulmakorpi and twotemporary deposits were considered, and the distances and corresponding parameters wererecalculated connecting each site to the nearest collection point according to the travel time.Figure 5 shows the sites included in the study and the difference in the time travel betweenall material being transported to only one location or to the closest location among the three.Note that the temporary deposits are located in the areas with higher concentration of sites.
Figure 5. Travel time comparison in soil deposits transportation in Espoo. The final depositlocation in the maps is highlighted with a red circle and the two temporary deposits are onlymarked with a green point. (modified from Mapple, 2019)
The soil demand was projected using the National truck traffic transportation distancestatistics specific for the city of Espoo during the years 2015-2017, obtained from STAT(2018) and visible in Table 3.
Table 3. Domestic truck transport performance by transport distance, soil transportation,according to origin and destination in the period 2015-2017. (source: STAT 2018)OUT (t)(from Espoo) IN(t)(to Espoo) Espoo-Espoo(t)2015 1 306 750 1 245 000 2 350 000
2016 1 434 225 1 701 000 2 101 000
2017 1 705 384 935 000 2 865 000
Total 4 446 359 3 881 000 7 316 000




MCDA is applied to assist the soil management decision making for the city of Espoo. Thequestion to be answered in the end of this analysis is: which of the potential actions is thebest choice according to the criteria used in this study? MAUT is the aggregation methodused, the utility function type used is additive and the weights were obtained through aquestionnaire sent to several stakeholders.
The data used, as described in Section 3, is from October 2017 to September 2018. Theperformance of the scenarios was analyzed according to their economic, social, andenvironmental aspects, following the sustainable development concepts.
The tree of value was drawn to help defining the criteria that was used to analyze thescenarios. Figure 6 visualizes how each aspect is represented for different criteria, whichenable comparing the main impacts caused by the different scenarios.
Figure 6. Tree of value illustrates the criteria used and information gathered according totheir main aspects.
To analyze the economic aspects, this study used the costs linked to the soil transportationand investments needed for the necessary changes between current condition and thescenarios studied, measured in Euros.















The need for virginraw materials
Criteria
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comparison between the alternatives. The best way to proceed using the data available wasto compare the variation of other phenomena that are proportional to the desired criteria.
The chosen criteria for the environmental performance were the direct disposal of earthmasses into final destination, CO2 emissions consequent from transportation, and the needfor virgin raw soil materials for construction. The steps following this initial analysis can bechecked in Figure 7. The initial evaluation of the scenarios involved defining values for twoscenarios from the data collected and estimating the value for the third scenario based on thefirst two. These initial values were then transformed into performances as an intermediatestage to define the marginal utilities contributions, which were combined to the weigths,obtained from the questionnaire, to form the utility function and enable the comparison ofthe different alternatives.
Figure 7. Research Steps.
The values obtained from Mapple (2019) reflected the loads calculated for the periodbetween October 2017 and September 2018. The values are divided in two types, the valuescalculated directly from the data obtained from Kulmakorpi and the values estimatedconsidering that part of the material was transported to a temporary deposit instead of being
Utility Function
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taken to final disposal The values of the amount of excavated soil delivered to final deposit,the total distance travelled, the time spent during transportation, the carbon dioxideemissions from the transportation and the transportation costs are summarized and listed inTable 4.
Table 4. Data obtained from Mapple (2019) used in the calculation of the evaluation ofscenarios S0 and S1.
Gravel HBCS Clay Mud TotalAmount Calculated 142 290 242 030 565 060 78 140 1 027 520(t) Estimated 27 600 30 620 565 060 78 140 701 420Distance Calculated 233 329 439 450 953 225 134 150 1 760 153(km) Estimated 93 874 147 328 953 225 134 150 1 328 577Travel time Calculated 416 967 782 646 1 700 831 242 005 3 142 449(min) Estimated 208 456 333 863 1 700 831 242 005 2 485 154CO2 emissions Calculated 300 566 1 227 173 2 265(t) Estimated 121 190 1 227 173 1 710Transportation Calculated 962 482 1 812 730 3 932 053 553 369 7 260 633Cost (€) Estimated 387 232 607 729 3 932 053 553 369 5 480 382
Because in a first moment (scenario S1) only gravel and high bearing capacity soil would bere-used, there is no difference between the calculated and estimated values for clay and mudin Table 4.
The first step was to seek the value to enable comparison between scenario S0 and scenarioS1. After that, these values were used to estimate the values for scenario S2.
The calculations in the following sections are based on the methods from Figueira et al.(2005), Borgonovo (2017) and Ishizaka and Nemery (2013).
4.2 Defining Potential Actions and Criteria.
Potential actions, in this study, are not possible to be simultaneously adopted, so they can becalled alternatives.
4.2.1 Set of alternatives
Scenario S0 depictured the real situation for the period between October 2017 and September2018. Most of the data used to evaluate this scenario was obtained directly from Table 4. Itis possible that part of the material generated was reused in site or in other sites, but noregistration of the reused masses was available. Therefore, in this study it was assumed thatthe amount of reused material was insignificant compared to the other existing flows and allexcavated material was deposited in Kulmakorpi. A schematic representation of scenario S0is shown in Figure 8 using only two construction sites, called projects as examples.
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Figure 8. Schematic representation of scenario S0.
Scenario S1 was also estimated using data from Table 4. In this case, considering that partof the material was taken to two temporary deposits located in Puolarinportti 1 andTurvesuontie 1 to be reused. In scenario S1 only gravel and high bearing capacity soil wasdriven to reuse, in accordance with the current more likely reuse to be adopted in Finland. Aschematic representation of this scenario is shown in Figure 9 using only two constructionsites and one temporary deposit as example. In scenario S1, changes occur in the previouslyshowed flows and three new flows are presented. The two-directions arrows display theflows between the projects and the temporary deposit and the unidirectional arrow leavingthe temporary deposit represents the material stored and directed to other projects.
Figure 9. Schematic representation of scenario S1.
Scenario S2 was obtained through an extrapolation using the data from scenarios S0 and S1,to estimate the consequence of 75% of the material being reused. According to the average
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distribution, approximately half of the material delivered to Kulmakorpi was clay. Therefore,in scenario S2, it should also be reused. A schematic representation of this scenario is shownin Figure 10 using only two construction project sites and one recycling site as example. Inthis case, the flows leaving the recycling sites represent stored material and material treatedto be reused.
Figure 10. Schematic representation of scenario S2.
4.2.2 Set of criteria
Investment Costs (IC) criterion was used to compare the different scenarios from theeconomic point of view. It includes, for example, the costs of setting up a soil mass datacoordination system, the costs of acquiring an interim storage area and the developmentand/or introduction of new technology. A set of assumptions listed in Table 5 was madebased on market prices of similar activities/products.
Table 5. Assumptions used in the calculations.Operational costs (final deposit) 1,5 €/tOperational costs (temporary deposit) 2,5 €/tLand annual rent 10 000 €Coordinator annual cost 72 000 €Machinery 30 000 €
Transportation costs (TC) criterion represents the total costs of transportation of theexcavated material from the site to final deposit or temporary deposit. The values for S0 andS1 were obtained from Table 4.
Health effects – transportation (HET) criterion seeks to compare the noise and dust generatedby the soil transportation in the different scenarios. These are directly proportional to thedistance travelled. Therefore, its variation was estimated using the changes in thetransportation distance in the different scenarios using the distance in scenario S0 as base forcomparison.
For the Health Effects – Local (HEL) criterion, as in the previous case, the variations in noiseand dust caused by material handling in temporary sites was also estimated using other
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parameter proportional to its variation. As shown in Figure 11, the parameter used was thepercentage of soil being taken to final deposit. If less soil is taken to final deposit, it meansmore was handled in the temporary deposits and consequently more noise and dust wasgenerated in residential area.
Figure 11. Noise and dust estimation concept.
Other Disturbance Local (ODL) criterion aims to evaluate other impacts in theneighborhood, social impacts rather than health issues. Examples of other impacts arechanges in the landscape of a residential area and the impact on housing prices.
Disposal of earth masses (EFD) criterion represents the amount of excavated soil beingdirected to final deposit. If the land masses are disposed without being utilized, it causesmaterial loss and permanent changes in the landscape.
Emissions from transportation (CO2) criterion display the total CO2 emissions fromtransportation of the excavated material from the site to final deposit or temporary deposit.
The need for virgin raw materials (VRM) criterion represents the amount of naturalaggregates brought to Espoo from other locations to fulfill the construction industry demand.Soil demand estimation was made using the data obtained from STAT (2018) that show howmuch soil in average was transported from other areas to Espoo. If the material is reused, theneed for raw materials is reduced.
4.3 Scenarios Evaluation
In the evaluation phase, values were defined for the three alternative scenarios in two stepsaccording to the different criteria presented in the previous section. Initially, scenario S0 andscenario S1 were evaluated using the initial data described in Section 3. In sequence, scenarioS2 was estimated using the values obtained in the first step. The numeric values of a criteria(Ccriterion, scenario) are represented by the abbreviations presented previously (Section 4.2). Theevaluation values after the calculations are collected in Table 10.
4.3.1 S0 and S1 evaluation
The investment costs evaluations,  and , are constituted of operation costs, landrent, coordinator salary, and machinery purchase costs. The assumed values were obtainedfrom Table 5. Further, Table 6 shows the costs gathered as the different types of operationalcosts and other costs and the total of the investment costs in the last column.
Higher percentageof soil taken to finaldeposit
Less soil beinghandled intemporary sites
Less noise and dustbeing generated inthese areas
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Table 6. Investment costs evaluations  and .Operational CostFinal Deposit (€) Operational CostTemporary Deposit (€) Other costs(€) (€)S0 1 541 280 0 0 1 541 280S1 1 052 130 815 250 112 000 1 979 380
The values for the evaluation of the transportation costs, disposal of earth masses directlyfor final disposal and emissions from transportation were directly obtained from Table 4 andvalues are summarized in Table 7.








Gravel 387 232 27 600 121HBCS 607 729 30 620 190Clay 3 932 053 565 060 1 227Mud 553 369 78 140 1735 480 382 701 420 1 710
The criteria health effects – transportation (HET), health effects – local (HEL) and otherdisturbances caused by interim storage in the neighborhood (ODL) were evaluated throughthe variation of proportional phenomena. Their evaluation values are listed in Table 8.
It is important to mention that lower percentage of transportation distance was connected tolower health effects linked to the transportation. On the other hand, lower percentage ofmaterial being directed to final deposit was inversely proportional to the other two criteria,which means that less material going to final deposit, lead to more material being handledin the temporary deposits and causing higher impacts in the neighborhood. To define thevalues given to scenarios S0 and S2 according to the aforementioned criteria, Equation 1was used. The base value ( ) is the value of the phenomena linked to scenario S0 andscenario value ( ) is the value for the phenomena in the scenario being analyzed. Thedata was obtained from Table 4.
(1)
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Table 8. Evaluations for scenarios S0 and S1 according to criteria HET, HEL and ODL.HET HEL ODLProportional phenomena TransportationDistance Material being delivered to finaldeposits1 760 153 1 027 520 1 027 5201 760 153 1 027 520 1 027 5201 328 577 701 420 701 420 (%) 100 100 100 (%) 75 68 68
The need for virgin raw materials was estimated from the difference between the amount ofaggregate being brought to Espoo and amount of material being handled in the temporarydeposits and being available to be used as substitute of natural aggregate. In scenario S0there was no material being handled in the temporary deposits, therefore the need for virginraw materials  was estimated based on the amount of soil being transported to Espoofrom other locations (1 293 667 t in Table 3). Assuming that 1 t soil takes 0,5 m3,was equal to 646 833.5 m3. The amount of soil that was going to the temporary deposits wascalculated from the difference of material going to final deposit in scenarios S0 and S1. Thematerial handled in the temporary deposits in scenario S1, 326 100 m3, was reinjected in themarket and replaced part of the natural aggregates. The remaining demand  was equalto 320 734 m3.
Finally, Table 9 lists the values defined for scenarios S0 and S1 that were used for theestimation of scenario S2.
Table 9. Scenarios S0 and S1 evaluation.Criteria Scenario S0 Scenario S1Investment Costs IC € 1 541 280 1 979 380Transportation Costs TC € 7 260 633 5 480 382Health effects of transport HET % 100 75Health Effects (Local) HEL % 100 68Other disturbances caused by interimstorage in the neighborhood ODL % 100 68Disposal of earth masses directly forfinal disposal EFD m3 1027520 701 420Emissions from transport (CO2) CO2 t 2 265 1 710The need for virgin raw materials VRM m3 646 834 320 734Percentage of soil treated (%) TS % 0 32
4.3.2 S2 Scenario S2 Estimation









The same process was repeated to all criteria and the process of using linear regression toestimate scenario S2 is visualized in Figure 12. In the case of linear regression leading tonegative values in criteria that cannot be negative, it was assumed that the function followedthe linear regression until criteria evaluation was close to zero and from that point onremained constant.
Figure 12. Scenario S2 estimation. (a) For criteria HET, HEL and ODL (b) For criteria IC,TC, EFD, CO2, VRM.
The need for virgin raw material represents a concrete amount and cannot be negative.Therefore, as mentioned earlier, the criterion was estimated so that it followed the linearregression up to the point that represented 99.9% reduction from scenario S0 and after thatthe value remained constant, namely  being equal to 0.1 % of . Table 10shows all evaluations for all 3 scenarios.
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4.4 Marginal Utility Contribution Calculation
Marginal utility contributions are used to avoid scale problems. At first, the data wastransformed so that the scenarios with best performance had higher marginal utility scores.Afterwards, the values were normalized so that the sum of the marginal utility scores of allthree scenarios is always one, for every criterion.
Table 11 summarizes the extreme values for the different criteria and the shape of thefunction. The shape was labelled as “Increasing” when the best value was higher than theworst as shown in in the table below. On the other hand, the cases had a “Decreasing” shapewhen the best value was lower than the worst. Figure 13a presents Health effects -transportation (HET) and Health Effects – Local (HEL) as examples of decreasing andincreasing functions, respectively.
Table 11. Shape of value functions.Performance rangeCriteria Unit Worst Best Shape of value functionIC € 2 576 598.56 1 541 280.00 ↓ DecreasingTC € 7 260 633.00 3 053 541.22 ↓ DecreasingHET % 100.00 42.06 ↓ DecreasingHEL % 24.38 100.00 ↑ IncreasingODL % 24.38 100.00 ↑ IncreasingEFD m3 1 027 520.00 256 880.00 ↓ DecreasingCO2 t 2 265.00 953.42 ↓ DecreasingVRM m3 646 833.50 646.83 ↓ Decreasing
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Figure 13. Graphic representation of the shape of the value functions. (a) For criteria HETand HEL before shape transformation. (b) For all criteria after shape transformation.
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Table 12. Performances of scenarios S0, S1 and S2.Criteria S0 S1 S2 Worst Best ShapeIC 6.49E-07 5.05E-07 3.88E-07 3.88E-07 6.49E-07 ↑
TC 1.38E-07 1.82E-07 3.27E-07 1.38E-07 3.27E-07 ↑
HET 1.00E-02 1.32E-02 2.38E-02 0.010 0.024 ↑
HEL 100.00 68.00 24.38 24.38 100.00 ↑
ODL 100.00 68.00 24.38 24.38 100.00 ↑
EFD 9.73E-07 1.43E-06 3.89E-06 9.73E-07 3.89E-06 ↑
CO2 4.42E-04 5.85E-04 1.05E-03 4.42E-04 1.05E-03 ↑
VRM 1.55E-06 3.12E-06 1.55E-03 1.55E-06 1.55E-03 ↑
Next step was to normalize the values to obtain the marginal utility contribution( ′′  ) for all scenarios according to each criterion. Before this change, thevalues used to compare different criteria had different scales, these values were normalizedto enable adding the performances of all the criteria to obtain a final scoring.
To normalize, all the values were divided by the sum of all the values for the same criterionfor all the scenarios as in Equation 4. The outcome of normalization is compiled in Table13.
′′ (4)
Table 13. Marginal utility contribution of scenarios S0, S1 and S2.Criteria S0 S1 S2IC 0.42 0.33 0.25TC 0.21 0.28 0.51HET 0.21 0.28 0.51HEL 0.52 0.35 0.13ODL 0.52 0.35 0.13EFD 0.15 0.23 0.62CO2 0.21 0.28 0.51VRM 0.00 0.00 1.00Total 2.25 2.11 3.64
4.5 Utility Scores Function
In this study the utility function ( ) applied was of the additive model. The weightswere obtained from the questionnaire as shown in Equation 5.
′′ ′′ ′′
′′ ′′ ′′ ′′
′′ (5)
The questionnaire (Appendix A) was developed to obtain the opinion of differentstakeholders about the different criteria used to compare the possible scenarios.
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The questionnaire was sent to a total of 30 interviewees, which included professionals fromEspoo City Planning department, consulting and construction companies, as well asuniversity professors from the Helsinki Region and also chairmen and vice chairmen fromEspoo City’s committees.
The questionnaire was sent by email and filled on-line using webropolsurveys between05.10.2020 and 06.11.2020.
The interviewees were asked to give points to the criteria according to their view ofimportance. First, they gave 100 points to the criterion they considered the most important.Next, they decided which was the second most important and gave between 0-99 pointscomparing its importance with the first criterion chosen. Accordingly, they chose the mostimportant criterion among the remaining criteria and gave points until all criteria had beenfilled.
A percentual distribution of points was calculated for every interviewee as shown in theexample for the answers received from interviewee 1 in Figure 14a. To obtain the values tobe used as weights in the final analysis, the average of the percentual share from all theanswers was calculated for every criterion, and the final points distribution are shown inFigure 14b.































(a) Questionnaire PointsAnswer  1
IC TC HET HEL ODL EFD CO2 VRM
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4.6 Scenarios’ Utility Scores Calculation
The scores, listed in Table 14, were calculated using the Utility scores function presented inEquation 5. The questionnaire final points were obtained from Figure 14b and used asweights. The respective marginal utility contributions were collected from Table 13 for thedifferent scenarios.
Table 14. Utility Score calculation.
′′ ′′ ′′ S0 S1 S2IC 14.30 0.42 0.33 0.25 6.01 4.72 3.58TC 16.24 0.21 0.28 0.51 3.41 4.55 8.28HET 9.23 0.21 0.28 0.51 1.94 2.58 4.71HEL 6.96 0.52 0.35 0.13 3.62 2.44 0.90ODL 7.84 0.52 0.35 0.13 4.08 2.74 1.02EFD 14.24 0.15 0.23 0.62 2.14 3.28 8.83CO2 15.52 0.21 0.28 0.51 3.26 4.35 7.92VRM 15.65 0.00 0.00 1.00 0.00 0.00 15.65Uscenario 24.46 24.66 50.89
Balanced scores were calculated using the respective normalized performance and weightsused to balance the impact of the criteria representing economic, social and environmentalaspects to compensate for the fact that there were only two criteria illustrating economicsaspects. The balanced weights were calculated using Equation 6 and their respective scoresare listed in Table 15.
( ⁄ )⁄
( ⁄ )⁄ ℎ
(6)
Table 15. Balanced scores calculation.
Aspects S0 S1 S2
IC Economic(8/3)/2 14.30 19.07 6.01 4.72 3.58TC 16.24 21.65 3.41 4.55 8.28
HET Social(8/3)/3
9.23 8.20 1.94 2.58 4.71
HEL 6.96 6.19 3.62 2.44 0.90
ODL 7.84 6.97 4.08 2.74 1.02
EFD Environmental(8/3)/3
14.24 12.66 2.14 3.28 8.83
CO2 15.52 13.80 3.26 4.35 7.92
VRM 15.65 13.91 0.00 0.00 15.65
UB,scenario 24.46 24.66 50.89
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4.7 Sensitivity Analysis
Sensitivity analysis is the computation of the effect of changes in input values or assumptionsand it can be conducted in different ways depending on the goal of the analysis, namely thesensitivity question. In this case the objective was to find out which criteria and its variationcould have a strong effect on the result. (Borgonovo, 2017)
Marginal utility contribution varies between 0 and 1. Initially, the impacts of varying thevalues of the marginal utility contribution ( ′′  ) to the extreme values wereanalyzed for the base scenario S0. Equations 7 and 8 show the example of the calculationsfor the criterion IC. Next, the difference between the total points of the extreme values andthe respective original utility score were calculated according to Equations 9 and 10. Theoutcomes are listed in Table 16.
′′ ′′ ′′ ′′
′′ ′′ ′′ (7)
′′ ′′ ′′ ′′
′′ ′′ ′′ (8)
− (9)
− (10)
Table 16. Sensitivity analysis values for scenario base S0.
US0- US0 US0+ D- D+
IC’' 18.45 24.46 32.75 -6.01 8.29
TC’' 21.05 24.46 37.29 -3.41 12.83
HET’' 22.52 24.46 31.75 -1.94 7.29
HEL’' 20.84 24.46 27.80 -3.62 3.34
ODL’' 20.38 24.46 28.22 -4.08 3.76
EFD’' 22.32 24.46 36.56 -2.14 12.10
CO2’' 21.20 24.46 36.72 -3.26 12.26
VRM’' 24.46 24.46 40.11 0.00 15.65
Next, same steps were repeated for scenarios S1 and S2 and the outcomes are collected inFigure 15. The light grey column shows the MCDA calculated utility score ( ) and theerror bars show the performance with the marginal utility contribution ( ′′ ) beingsubstituted for 0 ( ) or 1 ( ).
Scenarios S0 and S1 were calculated the same way and using the same assumptions,therefore inaccuracies in the estimations are expected to be similar. Scenario S2 wasestimated differently, hence its fluctuation and relation to the other two was speciallyobserved. Figure 15 shows that the fluctuations impacts had similar behavior for mostcriteria.
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Figure 15. Sensitivity analysis for all three scenarios according to different criteria withvertical axes measuring the utility score and the variations from the sensitivity analysisrepresented by the error bars.
For all the criteria,  and  have similar values to  and respectively. Moreover,  is higher than all the simulations madefor scenarios S0 and S1 for almost all criteria. This means that variations in only one criterionwould hardly change the proportions between the utility score of the scenarios S0, S1 andS2. However, in Figure 15h, where the lowest extreme for scenario S2 is lower than thehigher extremes for scenarios S1 and S2 (UVRM,S2- < UVRM,S0+) and (UVRM,S2- < UVRM,S1+).Therefore, it was further analyzed, using Equations 11 and 12, what would happen toscenarios S0 and S1 in the case of the scenario S2 receiving the lowest value possible for thecriterion VRM.
′′ ′′ ′′ ′′
′′ ′′ ′′ (11)
Assuming that the ratio between the marginal utility contributions follows the ratio of theinitial evaluations, ′′ is twice the value of ′′ . Normalization processguarantees that the sum of marginal utility contributions of all three scenarios.




























































5 Results and Discussion
The main goal was to find out the best approach to handle excavated soil and rock in the cityof Espoo. As described in Section 1, the first option named scenario S0 referred tocontinuation of current procedure without centralized follow-up of the exchange and reuse.Scenario S1 referred to investments for the establishment of two temporary deposits enablingimproving the reuse of gravel and high bearing capacity soil. In scenario S2 the investmentseeks to recycle 75% of all the excavated soil, and therefore implement more temporarydeposits and/or new technologies to enable the reuse of all the excavated material.
5.1 Questionnaire
A total of 15 answers were received in the questionnaires and results are summarized inFigure 16. Figure 16a shows the distribution of points obtained from the questionnaire. Thecriteria with the highest average points were Transportation costs, CO2 emissions and Virginraw material demand with an average over 80 points. The next criteria in the ranking wereInvestment costs and Disposal of earth masses with slightly over 70 points. On the otherextreme, the social aspects of Health effects from transportation, Health effects local andOther disturbance local received in average less than 50 points.
The difference between social and the other two aspects became visible when the resultswere combined according to their type. The social aspects criteria had an average of 42points, whereas the economic and environmental aspects had 77 and 79 points, respectively.Figure 16b shows a different way to combine the criteria by visualizing how the points ineach questionnaire were divided by the three types. Most points in most questionnaires weregiven to environmental criteria and social and economic criteria remained mainly oscillatingbetween the second and third places.
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Figure 16. Questionnaire answers and point distributions according to impact type.
Marttunen (2011) reinforced that beyond enabling to reach for an agreement on criteriaweights, as done in this study, MCDA helps people involved to become more conscious oninterests and preferences of other stakeholders, as well as prepared to accept and understanddifferent views. Therefore, MCDA increases the stakeholders’ commitment to the processand final decision.
5.2 Scenarios Analysis
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Figure 17. MCDA final scores for scenarios S0, S1 and S2.
The high average score for the economic aspects criteria (Figure 17) was not accuratelyreflected on its impact on the final result, because in the questionnaire there was only twocriteria of this type and three of the other two. As explained in the calculations new scoreswere calculated using an intermediate weight to balance the impact.
The comparison of the results presented in Figure 17 with the balanced scores from Table15 is presented in Figure 18. There was a minor rise in the scores of scenarios S0 and S1 anda small contraction on the score of the scenario S2. But the main proportions remainedsimilar, scenario S1 being slightly higher than scenario S0 and scenario S2 significantlyhigher than the other two.
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In the balanced calculation, the existence of a third criterion representing economic aspectswas simulated. This criterion received points in a similar range to the other two criteria (TC,IC) representing economic aspects. The balanced situation is unlikely to happen, once thecriteria were chosen to the questionnaire based on the impacts most cited during the initialphase of the study. The scores of the third economic criterion would likely be between thenon-existence of this criterion (score 0) and the average value used in the balanced study.Therefore, the final result would probably stay between the two possibilities shown in Figure18 and also keep the same proportions.
As stated by Marttunen (2011) it is not easy to assess the effect of MCDA on reachingagreement. But MCDA has innumerous components that improved in his study the qualityof the planning and decision-making process. He also noted that MCDA methods can be animportant support on decision-making in management and policy levels. Despite the risk ofbeing laborious, MCDA approach is interactive and integrated, and it can help theidentification of the most significant impacts in the early phases of planning. Mustajoki etal. (2004) mentioned the possibility to use modern computer technology to enableparticipation, for example, through on-line decision analysis interviews.
The current study also sought to demonstrate the possibility of integrating MCDA conceptsin the management and policy levels for the city of Espoo. MCDA can help thecommunication between technical departments, decision makers and city committees,facilitating their participation and understanding of the decisions made.
Figure 17 shows that scenario S2 had significantly higher utility score than the other twoalternatives and, consequently, is the best option for the city of Espoo. Furthermore, scenarioS2 becomes even stronger if we take into consideration the fact that according to OSF (n.d)the population of Finland is expected to start decreasing in 2031 and in 2050 the populationwould already have 100 000 less inhabitants than today. (YM, 2021)
Hiete et al. (2011) argued that population decreases in industrialized countries until 2050 aregoing to affect both demolition and new construction activities. Such changes would bechallenging even for areas that already have high recycling rates, like the Federal state ofBaden Württemberg in Germany that recycles around 79% of excavated material, which isclose to the percentage targeted in scenario S2. Hiete et al. (2011) also noticed that disposaltaxes are a cost-effective political instrument but would increase the share of low-qualityrecycling. On the other hand, investing on the acceptance and demand of high-qualityrecycling products would be a better option to handle the expected increases of C&D wastecaused by population decline. (Magnusson et al., 2015)
 Achillas et al. (2013) listed five other studies where MCDA was used to assist inconstruction and demolition waste management. In three of the cases, MCDA was used toseek an optimal waste management strategy, one of them to identify the optimal location foran inert landfill and the last one involves the implementation of a waste treatment facility.Differently from this study, the study mentioned in Achillas et al. (2013) mainly focused onestablishing the optimal location.
5.3 Sensitivity Analysis
The first step of the sensitivity analysis was to analyze the impact of varying the value of thenormalized performances between the interval of 0 and 1 for scenario S0. The results are
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listed in Table 16 and collected in the tornado chart in Figure 19. The highest impact was forthe Virgin raw material criteria, as expected, once it had initially value 1. As showed in thecalculations, this criterion also had the biggest impact in the other two scenarios (Figure15h). The most important finding was that the studied variation in this criterion was the onlyone able to significantly change the proportions among the final scores.
Figure 19. Tornado chart for base scenario S0 with the impacts of replacing the originalmarginal utility contribution for 0 (D-) and 1 (D+).
In the second phase, the simulations were made to detect the impact, of the marginal utilitycontribution for Virgin Raw Material in scenario S2 being zero, on the other two scenarios.Figure 20 shows that in this case the gap between the scenarios decreased. Scenarios S1 andS2 had quite similar scores and scenario S0 a bit lower score.
Figure 20. Comparison of MCDA scores with sensitivity analysis of criterion Virgin rawmaterial demand with the following marginal utility contributions: ′′ ;
′′ ; ′′
Variations in the Virgin raw material demand criterion could only be the consequence ofchanges in the calculations of the amount of excavated soil and rock being landfilled or in






























the estimation of the current soil and rock demand. Magnusson et al. (2005) noted that it ischallenging to find out the quantities of excavated soil and rock in urban regions from theliterature. But they were able to establish a probable range of values for some flows, forexample, the presented range of landfilling excavated soil and rock was 0.4 to 5.5 t/y/capita,while the value for the base scenario S0 was 7.1 t/y/capita. The S0 value is higher than theexpected range from Magnusson et al. (2005), probably due to the metro construction duringthe period of the study. The use of quarry material on the other hand, was closer to theexpected interval. The estimated value for S0 was 4.5 t/y/capita and the interval fromMagnusson et al. (2005) was 4.6 to 8.0 t/y/capita. The current study also indicated that thereuse of soil and rock might achieve a reduction of up to 14 kg CO2 per ton of materialreused. The differences between scenarios S0 and S1 showed a reduction of 8.5 kg CO2 perton of material only from the CO2 emissions coming from the material transportation. So,the values were quite close to the expected values and the large difference needed for thiscriterion to have an extremely low normalized performance is most likely not happening.
6 Conclusions
The main objective of this study was to define the best approach to manage excavated soiland rock in the city of Espoo. Initially, three alternative approaches were created: scenarioS0 referred to the continuation of current practice without centralized follow-up of theexchange and reuse; scenario S1 referred to investments on the establishment of twotemporary deposits enabling improved reuse of gravel and high bearing capacity soil;scenario S2 referred to the investment to recycle 75% of all the excavated soil. Scenario S2would require the implementation of more temporary deposits and/or new technologies toenable the reuse of all the excavated material.
The participation of different stakeholders was facilitated by a questionnaire. The criteriawith the highest average points were Transportation costs, CO2 emissions, and Virgin rawmaterial demand with average over 80 points. On the other extreme, the social aspects ofHealth effects from transportation, Health effects local and Other disturbance local receivedin average less than 50 points.
There were only two criteria for the economic aspects, and therefore its high average scorewas not precisely reflected on its impact on the result. A simulation of a balanced study usingan intermediate weight to balance the impact was made and the main proportions remainedsimilar, scenario S1 slightly higher than Scenario S0 and scenario S2 significantly higherthan the other two.
Based on the results of this study, the recommendation is that the city of Espoo should try toreproduce scenario S2. It was undoubtedly considered the best choice according to thealternatives and criteria used in this work. The result looked even stronger when the expectedpopulation decrease and the respective changes in the construction market were brought intothe discussion. Scenarios S0 and S1 obtained similar scores, but scenario S1 had theadvantage of possibly functioning as a more realistic intermediate step to achieving theconditions in scenario S2 in the future.
The twelve committees (mentioned in section 3) that try to bring a resident- and customer-oriented view, have an important role on the decision making in Espoo. Still, MCDA can beused as an alternative way to improve their participation and help the participants tounderstand different points of view.
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Finally, the sensitivity analysis observed the impact of variation on the normalizedperformance of the criterion "Virgin raw material demand”, which was the only one withsome possibility to bring changes to the proportions on the final scores. In the extreme case,scenarios S1 and S2 received quite similar scores and scenario S0 had a bit lower score. Thecomparison of the values used in the study and values obtained from literature indicated thatit is unlikely that this criterion would behave like in the sensitivity analysis and changes inthe inputs would most likely not have a big impact on the final result proportions.
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Appendix 1 - Questionnaire
